Abstract. Nowadays, the replacement of synthetic antioxidants with natural antioxidants of plant origin in the food industry has been widely considered. In addition, the results of scientific researches demonstrate that consumption of plants with high antioxidant capacity reduces the incidence of many diseases such as all types of cancer, cardiovascular and Alzheimer's diseases and also helps the treatment process of the diseases. In this research, the total phenolic content of the ethanolic extracts of Hibiscus sabdariffa L. calyces and Amaranthus caudatus L. flowers was measured by Folin-Ciocalteu method and also the antioxidant capacity of two extracts was studied using FRAP and DPPH methods. The results showed that the total phenolic content of A. caudatus and H. sabdariffa ethanol extracts were 3.25 ± 0.34 and 1.73 ± 0.21 mg GAE g -1 extract, respectively. The results of two FRAP and DPPH assays also indicate the significant antioxidant capacity of these two plants extracts. The comparison of EC50 obtained from the DPPH assay of two extracts showed that the antioxidant activity of the A. caudatus extract is higher than that of H. sabdariffa, and therefore there is a direct relationship between the total phenolic content of the ethanolic extracts and their antioxidant activity. Overall, the results of the present study show that these two medicinal plants can be used in the food and pharmaceutical industries, which requires more scientific research on them.
Introduction
The oxidation process is one of the main factors affecting the quality and longevity of food. Synthetic antioxidants are generally added to food products to inhibit the oxidation process and increase their useful life. However, there is an increasing concern among consumers about the health-related issues of this type of antioxidants [AZIZ and KARBOUNE, 2018] . Antioxidants are compounds that significantly delay or prevent the oxidation of substrates [ZAVERI, 2006 , CAUNII, et al., 2015 . These compounds protect the body against oxidative stress by neutralizing free radicals. In fact, free radicals are byproducts of body metabolism and their destructive effects are neutralized through the antioxidant defense system of the body [ALKADI, 2018] .
Oxidative stress by damaging biological molecules (DAN, lipids, proteins) ultimately leads to chronic diseases such as atherosclerosis, cancer, diabetes, rheumatoid arthritis, cardiovascular diseases, stroke and also aging. Therefore, the consumption of medicinal plants with high antioxidant activity can help the treatment or prevention process of these diseases and slow down the aging process [KHAN et al., 2016; UTTARA et al., 2009] . Nowadays, the use of natural antioxidants derived from essential oils and extracts of the plants such as ascorbic acid, lipoic acid, polyphenols and carotenoids has been widely considered as an alternative to synthetic antioxidants [EGGERSDORFER and WYSS, 2018; TAGHVAEI and JAFARI, 2015] . Roselle (Hibiscus sabdariffa L.) is an annual plant form Malvaceae family, branched, with an altitude of about 64-429 centimeters and a green-reddish color, which grows in tropical and semitropical climates. This plant is not native to Iran and its cultivation in Iran was first reported in Sistan and Baluchestan Province [BEHZADI, 2014] . Calyx of this plant which is commercially valuable has medicinal properties and is used in the food industry as an additive to a variety of foods such as jam, juice, gelatine, ice cream, pudding, and cake.
In fact, this part of the plant is a rich source of secondary metabolites such as anthocyanins and flavonoids. Given that anthocyanins may inhibit intestinal alphaglucosidase, this plant can have a potential therapeutic effect on blood glucose levels after a meal [MCDOUGALL et al., 2005; IFIE et al., 2018] . Love-lies-bleeding (Amaranthus caudatus L.) is a plant belonging to the Amaranthaceae family. This plant is best known for antibacterial, antioxidant and anti-inflammatory properties. The plants belong to the Amaranthaceae family are fast-growing which are mostly cultivated in Latin America, Africa and Asia.
Amaranthaceae seeds consist of high-quality protein with an amino acid composition close to an ideal protein and therefore different protein concentrates have been prepared from these plants.
Amaranthaceae flour is a suitable foodstuff for patients with gluten-free diet and consumption of plants belonging to this family has positive effects on plasma lipids. Due to the high content of unsaturated fatty acids and the presence of squalene, the oils of these plants are a useful supplement of natural antioxidants.
Generally, the plants of this family are a rich source of natural food colorants and betacyanins [JO et al., 2015] . In addition, the results of clinical studies indicate that the Amaranthus caudatus L. can stimulate the immune system [MOHANTY et al., 2018] . For this purpose, the parts from each plant were immersed in ethanol for 72 hours, and after filtering, they were concentrated using a vacuum distillation device. The solutions obtained from the last stage were dried in sterilized conditions at 50°C. The dried powders were stored in dark glass at 4 °C.
Determination of total phenolic content (TPC). The total phenolic content of the ethanolic extracts was measured by Folin-Ciocalteu method [SINGLETON and ROSSI, 1965] using gallic acid as calibration standard. The obtained results were expressed as mg gallic acid equivalents per gram of extract (mg GAE g -1 extract). For this purpose, 0.1 g of the extract was dissolved in 5 mL of 95 % ethanol and stored in dark for 24 hours. 1 mL of the supernatant was then added to 1mL of 95 % ethanol and final volume of the solution was reached to 5 mL with twicedistilled water. At next step, 0.5 mL of 50 % Folin reagent and 1 mL of 5 % sodium carbonate was added.
The resulting mixture was kept in dark for 1 hour. Finally, the absorbance of each sample was read at 725 nm by a Cary 50 UV-Visible spectrophotometer.
Evaluation of antioxidant activity of the ethanolic extracts by FRAP assay. Ferric reducing antioxidant power (FRAP) assay, which is one of the common methods to evaluate antioxidant activity was performed according to the Benzie and Strain method [BENZIE and STRAIN, 1996] . According to this method, FRAP reagent consists of 300 mM acetate buffer (pH 3.6), 10 mM 2, 4, 6 tripyridyltriazine (TPTZ) in 40 mM HCl and 20 mM FeCl3·6H2O in a ratio of 10:1:1. In this assay, the electron donor characteristics of antioxidants in low pH lead to reduction of TPTZ-Fe 3+ to TPTZ-Fe 2+ which has an absorbance in 593 nm.
To evaluate the antioxidant activity of H. sabdariffa and A. caudatus ethanolic extracts by FRAP assay, 3 mL of FRAP reagent was added to 100 µL of the extract with different concentrations (10, 20, 30, 40, 50 and 60 ppm). The resulting mixture was vortexed and incubated for 10 minutes at 37 °C.
The absorbance of the solutions was read in 593 nm against the control sample (containing 100 μL distilled water plus 3 mL FRAP reagent).
Ferric ammonium sulfate was used as a standard. The results were expressed as mM ferro ammonium sulfate [BUTNARIU, et al., 2016] . Evaluation of antioxidant activity of the ethanolic extracts using DPPH assay. This assay is based on the fact that the lipophilic DPPH free radical is reduced as a result of interaction with antioxidants or other hydrogen donor molecules.
The reduction of DPPH cause changing its color from deep violet to light yellow and decreasing its absorbance at 515-517 nm . In this study, DPPH assay was applied to evaluate the antioxidant activity of the ethanolic extracts of H. sabdariffa and A. caudatus.
For this aim, 2 mL of different concentrations of each extract (10, 20, 30, 40, 50 and 60 ppm) was added to 1 mL of 0.2 mM DPPH free radical in ethyl acetate.
The absorbance of the solution was read after 45 minutes at 517 nm using a spectrophotometer.
A sample containing 1 mL DPPH solution and 2 mL ethyl acetate was used as the control.
The results were expressed as the percentage of DPPH free radical inhibition by the different concentrations of the extract calculated according to the following formula:
Where Asample and AControl are the ethanolic extract and the control absorbance values, respectively.
The extract concentration which can produce the DPPH inhibition percentage of 50 was obtained using linear regression analysis of the dose-response curve plotting DPPH inhibition % against the extract concentrations.
This concentration is called EC50 (Half maximal effective concentration) value. For better evaluation of antioxidant activity of the extracts, the EC50 value was used [BUTNARIU, et al., 2012 , STOLERU, et al., 2019 . Statistical Analysis. Data analysis was performed using SPSS 11.5 software in a completely randomized design and the graphs were plotted with Excel software.
The mean comparison was performed using the least significant differences (LSD) method. All results were expressed as mean ± SD of three repetitions.
Results and discussion
In the present study, total phenolic content and antioxidant properties of the ethanolic extracts of H. sabdariffa calyces and A. caudatus flowers were studied.
Many plant extracts are rich in various phenolic compounds, collectively referred to as polyphenols.
Polyphenols include several groups of compounds such as phenolic acids, colorful anthocyanins and simple and complex flavonoids [BALASUNDRAM et al., 2006] . Several researchers have shown that the consumption of natural supplements containing antioxidants, especially polyphenols can reduce the incidence of heart diseases, cancer and diabetes. This effect is most likely attributed to the ability of these compounds to neutralize free radicals and thereby protect cells from oxidative stress.
Thus, the total phenolic content of a plant has a direct relationship with the therapeutic properties of the plant [TUNGMUNNITHUM et al., 2018 , SAMFIRA, et al., 2015 , BUTNARIU, 2014 , IANCULOV, et al., 2004 . As mentioned in the materials and methods section, the total phenolic content of the ethanolic extracts of H. sabdariffa and A. caudatus was determined by Folin-Ciocalteu method. The results have shown that the total phenolic content of H. sabdariffa and A. caudatus extracts were 1.73±0.21 and 3.25±0.34 mg GAE g -1 extract. FRAP assay was one of the methods used for evaluation of the antioxidant activity of H. sabdariffa and A. caudatus ethanolic extracts.
In this assay, the ability of the extract to reduce ferric (Fe 3+ ) to ferrous (Fe 2+ ) ions is considered as a measure of antioxidant activity of the extract. The concentration range used for both ethanolic extracts was 10-60 ppm.
As it is well seen, with increasing the concentration of both plant extracts, the level of ferric reduction significantly increases which indicating that the antioxidant capacity of both extracts is appropriate.
As mentioned in the materials and methods section, the antioxidant capacity of plant extracts can also be assessed based on the ability of the extracts to reduce lipophilic DPPH radical. Figures 3 and 4 show the results obtained from DPPH assay at the concentration range of 10-60 ppm of H. sabdariffa and A. caudatus ethanolic extracts, respectively. The EC50 is the concentration of a compound or a drug that can produce half-maximal effect which in this case the antioxidant effect of the extracts was considered.
Considering that the EC50 is inversely related to the antioxidant activity of the extracts, the lower EC50 means the higher antioxidant activity and vice versa. In a study published in 2011, it was shown that the methanolic extract of this medicinal plant has high antioxidant activity and also the ability to inhibit alpha-amylase [KUMAR et al., 2011] . It should be noted that the total phenolic content of H. sabdariffa and A. caudatus extracts and their antioxidant activity are consistent with each other.
This means that the A. caudatus extract, which has a higher total phenolic content than the H. sabdariffa extract shows higher antioxidant activity in both FRAP and DPPH assays.
These results are consistent with the previous studies [SILVA et al., 2006; ZHANG et al., 2011] and due to the known antioxidant properties of polyphenols [TUNGMUNNITHUM et al., 2018] , are scientifically well-justified. The results of this research can be used in the food industry.
One of the problems in the food industry is the oxidation of oils, which causes inappropriate flavor of food products and sometimes even unusability of them.
Considering the side effects of synthetic antioxidants, their replacement with natural antioxidants derived from the plants has a greaqt importance [TAGHVAEI and JAFARI, 2015, CARUSO, et al., 2019] . Also, regarding the effects of antioxidant compounds on preventing or helping to treat many diseases, such as Alzheimer's disease and all types of cancer [BHARDWAJ et al., 2017; EGGERSDORFER and WYSS, 2018] , the results obtained from this research can be applied in the pharmaceutical industry. however, this requires much more research in this area [BUTNARIU and CORADINI, 2012 , PETRACHE, et al., 2014 , BUTNARIU and GIUCHICI, 2011 . For example, in the topic of cancer, the effects of the extracts of these two herbs on cancer cells should be first investigated.
Then, in the case of positive results, the compounds in the extracts should be studied more precisely and determined which compounds of the extracts have anti-cancer properties.
Finally, these compounds must be extracted from the plants and further studies performed with them.
Conclusions
In the present study, total phenolic content and antioxidant capacity of the ethanolic extracts prepared from Roselle (H. sabdariffa) calyces and Love-liesbleeding (A. caudatus) flowers were investigated.
The results obtained from this work demonstrated that although both extracts possess high antioxidant activity, the total phenolic content and also the antioxidant capacity of the A. caudatus extract is higher than the H. sabdariffa extract.
Considering that nowadays the replacement of synthetic antioxidants with natural equivalents such as antioxidant compounds derived from the plants has been attracted much attention, as well as the effects of antioxidants in preventing and also treating many diseases such as all types of cancer has been confirmed, the use of these two plants can be considered in the food and pharmaceutical industries.
However, this requires more extensive research on these two medicinal plants. evaluate 
